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(54) Hue: THERM OSET ELASTOMERS 



(57) Abstract 



The subject invention provides a thermoset elastomer comprising a crosslinked pseudorandom or substantially random interpolymer 
of: (a) from 15 to 70 weight percent of at least one a -olefin, (b) from 30 to 70 weight percent of at least one vinylidene aromatic compound, 
and (c) from 0 to IS weight percent of at least one diene. The subject invention further provides provides a thermoplastic vulcanizate 
comprising the thermoset elastomers of the invention as provided in a thermoplastic poryokfin matrix. The subject invention further 
provides processes for preparing the invective thermoset el astom er s and thermoplastic vuteanizates, as well as parts fabricated therefrom. 
The inventive materials have a superior balance of properties, as compared to EPM and EPDM based materials. 
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THERMOSET ELASTOMERS 
The subject invention pertains to tbennoset elastomers* to a process for their preparation, and to 
products fabricted from such elastomers. 

Elastomers are defined as materials which experience large reversible deformations under 
5 relatively low stress. Elastomers are typically characterized as having structural irregularities, non-polar 
s tr u ct ure s, or flexible units in the polymer chain. Some examples of commercially available elastomers 
include natural rubber, ethylene/propylene (EPM) copolymers, ethyiene/propy lene/diene (EPDM) 
copolymers, styrene/butadiene copolymers, chlorinated polyethylene, and silicone rubber. 

Thermoplastic elastomers are elastomers having thermoplastic p roper ti es. That is, 
10 thermoplastic elastomers may he molded or otherwise shaped and reprocessed t ^an ^r^ r f ^ above 
their melting or softening point. One example of thermoplastic elastomers is styrene-Jnitadiene-styrene 
(SBS) btock copolymers. SBS block copolymers exhibit a two phase morphology consisting of glassy 
polystyrene domains con n ected by rubbery butadiene segments. At temperatures between the glass 
transition temperatures of the butadiene midblock and the styreoe endMocks, mat is, at tenmeraturcs 
15 from -90°C to 1 16°C, the SBS copolymers act like a crosslinked elastomer. 

European Patent Publication 416,815 discloses pseudorandom ethylene-styrene mterpolymers. 
Uncrosslinked pseudorandom ethylene/styrene mterpolymers exhibit a decreased modulus at 
temperatures above die melting or softening point of the interporymer. 

SBS copolymers and uncrosslmked ethylene-styrene pseudorandom mterpolymers suffer the 
20 disadvantages of relatively low mechanical strength, susceptibility to ozone degradation (to rhe extent 
that they have sites of unsaturation in the polymer backbone), and utility in only applications where the 
temperature of the elastomer wiH not exceed the melting or softening point of the elastomer. 

In contrast, thermoset elastomers are e l as to m ers having tbennoset properties. That is, 
tbennoset elastomers inev cr si bly solidify or "set" when heated, generally doe to an irreversible 
25 crosslinking reaction. Two examples of thermoset elastomers are crosslinked ethylene-propylene 
monomer robber (EPM) and crosslinked cthylcne-propylcnc-dicnc m o nom e r rubber (EPDM). EPM 
materials are made by the copolymerization of ethylene and propylene. EPM materials are typically 
cured with peroxides to give rise to crosslinking, and thereby mduce thernx>set prorjerties. EPDM 
materials are linear mterpolymers of ethylene, propylene* and a nonconjugated diene such as 1/4- 
30 hexadtene, dicyclopertadiene, or emyBdenc norbornenc. EPDM materials are typically vulcanized with 
sulfur mmduce thermoset proper^ While 
EPM and EPDM materials arc advantageous in that they have applicability in higher temperature 
applications, EPM and EPDM elastomers suffer the disadvantages of low green strength (at lower 
ethylene contents), of a higher susceptibility of the cured elastomer to attack by oils than characteristic 
35 of styrene butadiene rubbers, and of resistance of the cored elastomer to surface modification. 
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Elastomers suitable for use over a broad range of temperatures and which are also less 
susceptible to ozone degradation are desired. Thermoset elastomers which are prepared from elastomers 
having high green strength (which provides greater flexibility in their handling prior to curing) are 
particularly desired. Also desired, are thermoset elastomers which are resistant to oil, which are useful 
5 in fabricated parts which typically contact oil, such as automotive parts and gaskets. Also desired are 
thermoset elastomers which easily undergo surface modification* to promote surface adhesion of the 
elastomer and/or to provide ionic sites on the elastomer surface. Also desired is a process for preparing 

Thermoplastic vulcanizates are crystalline polyolefmic matrices through which thennoset 
10 elastomers are generally uniformly distributed. Examples of thermoplastic vulcanizates include EPM 
and EPPM thermoset materials distributed in a crystalline polypropylene matrix. Such thermoplastic 
vulcanizates are disadvantageous, to mat they are susceptible to oil degradation. Thermoplastic 
vukanizates which are more resistant to oil are desired. Also desired is a process for rxeparing such 
themioplifcUrf? vulcanizates. 
IS Summary of Invention 

The subject invention provides * thennoset elastomer cnmpri*mg a fn freumtially 

random im^spolymer of: (a) from 15 to 70 weight percent of at least one oolefin, (b) from 30 to 70 
weight percent of at least one vinylidene aromatic cccapound, and (c) from 0 to 1 5 weight percent of at 
least one diene. 

20 The subject invention further provides a process for making a thermoset elastomer comprising: 

(a) reacting at least one oc-olefm with at least one vinylidene aromatic compound in the 
presence of a constrained geometry catalyst to form a substantially random imerpolymer, and 

(b) curing me substantially random mtcrpolymer to form a thennoset elastomer. 

The subject invention further provides a thermoplastic vulcanizate comprising a blend of: 
25 (1) a aossttnked substantially random mterporymer of (a) from 15 to 70 weight percent of at 

least one a-olefin, (b) from 30 to 70 weight percent of at least one vinylidene aromatic crjmpound, and 
(c) from 0 to 15 weight percent of at least one diene; and 

(2) at least one thermoplastic potyolefnx 

The subject invention farther provides a process for making a ther moplastic vo lcauiiaie 
30 comprising: 

(a) reacting at least one a-olefin with at least one vinylidene aromatic compound and optionally 
at least one diene in the presence of a co nstrain ed geometry catal yst to form a substantially random 
interporymer; 

(b) intimately mixing the s ubstantiall y random interporymer with at least one thermoplastic 
35 polyolefm at a temperature above the melting or softening point of the thermoplastic polyolefin; 

(c) providing to die intimate mixture an agent for curing the substantially random mterporymer. 
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(d) simultaneously curing the substa n tially random imerpolymer and compounding the intimate 
mixture to form a thermoplastic vulcanizate. 

The subject invention further comprises fabricated parts comprising the thermoset elastomers or 
thermoplastic vulcani rates of the invention. 
S These and other embodiments arc more fully described in the following Detailed Description. 

The term "polymer*' as used herein refers to a polymeric compound prepared by polymerizing 
monomers whether of the same or a different type. The generic term polymer thus embraces the term 
hofjioporymer. usually employed to refer to polymers prepared from only one type of monomer, and the 
term mterpolymer as defined hereinafter. 
10 The term "imerpolymer" as used herein refers to polymers prepared by the polyrnerization of at 

least two different types of rnonomers. The generic term mterpolymer thus includes copolymers, usually 
employed to refer to polymers prepared from two different monomers, and polymers prepared from 
more than two different types of monomers. 

Statements herein that a polymer or mterpolymer co mp r is es or contains certain monomers. 
15 mean that such polymer or mterpolymer comprises or contains polymerized therein units derived from 
such a monomer. For example, if a polymer is said to contain ethylene monomer, the polymer will have 
incorporated in it an ethylene derivative, that is, -CH 2-CH2-. 

The elastomeric thermoset cornpositions of the invention are preferably substantially random 
substantially linear or linear inter po ly m et s comprising an olefin and a vinylidene aromatic monomer , 
20 which interpolymers have been crosslinked to yield thermoset behavior . As used herein, the term 

^ubstanti^ly random" means that thedistriUuion of the morxxners of the mterpolymer can be described 
by the Bemotillian RtariKtirail model or by first or «emnd noVr Marferwimi ytfltifftral model »3 

described by I. C. Randall in Polymer Sequence Determination, Carbon-13 NMR Method, Academ ic 
Press New York, 1977, pp. 71-78. Substantially random interpolymers do not contain more than 15 
25 weight percent of the total amount of vinylidene aromatic monomer in blocks of more than three 

Bsend nmnrJom interpolymers are a subset of substantially random mterpolymers. 
Ps eudo random inter polymers ate characterized by an architecture in which all phenyl (or substituted 
phenyl) groups which are pendant from me polymer backbone are separated by two or more carbon 
30 backbone units. In other words, the r^pekmmdom toterpolymersof tlie mvention, mrnetr 

noncrosslmkcd state, can be described by the following general formula (using styrene as the vinylidene 
aromatic monomer and ethylene as the a-olefin for illustration): 
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Noooosslinked pseudorandom interpolymers axe described in European Patent Publication 4 16, 8 1 5- A, 
tbe relevant parts of which arc ioccupocated herein by reference. 

While not wishing to be bound by any particular theory, it is believed that during the wWttiov 
5 polymerizatkmicactkmc^fo 

catalyst as described below, if a styienc monomer is inset^ 

monomer inserted will be an ethylene monomer or a styrene moootner insened in an inverted or "tail-tr>- 
taiT fashion. It is believed that after an inverted or "tail-to-tair styrene mooomcr is inserted, the next 
rnooorner wiU be ethylene, as die mseition of as 

10 close to the inverted styrene rnonorner, that is, less than two carbon backbone units away. 

Preferably, the substantially random/pseudorandom interpolymer will be characterized as 
largely atactic, as indicated by a 13C-NMR spectrum in which the peak ****** to thr main 

chain methylene and methinr. carbons representing either mcso diad sequences or racernic diad 
se q uen c es docs not exceed 75 percent of the total peak area of the main chain methylene and mcthinc 

15 carbons. 

Tbe nKgtnnttnii y gandom/ jpseiidc* apttan interpolymers may further be characterized as either 
linear or substantially linear. As used herein, the term "substantially linear'* means Chat the mterpofymer 
is characterized as having long chain branches. In contrast, the term "linear*" means that the 

20 Substantially linear interpolymers are characterized as having a melt flow ratio, l\(/l2 (*& 

determined by ASTM 1 > 3 jS^ a molecular weight distribution ( determined fcy gel pr— »i»frt*im 
cfcronmography) Myy/Kfy} £ " ^ either a critical shear rate at the onset of surface melt 

fracture of at least 50 percent greater than fJ» critical shear rate at to 
Imearolerm polymer tiavin^ 

25 melt fracture of greater manabom4x lO^dyiiea/cm 2 . 

To identify tbe melt fracture phenomena, an apparent shear stress vs. apparent shear rate plot 
may be employed. According to Rarnamurthy in Journal of Rheology. 30(2)337-357, 1986, above a 
certain critical flow rate, the observed extrudate irregularities may be broadly classified into two main 
types: surface meU fracture and gross melt fracture. 

30 Surface melt fracture occurs under apparently steady flow conditions and ranges in detail from 

loss specular gloss to the more severe form of "sha rk ski n ". As used herein, tbe onset of surface melt 
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fracture is characterized at the bcginniDg of losing extrudate gloss ai which the surface roughness f 
extrudate can only be detected by 40 X magnification. Gross melt fracture occurs at unsteady flow 
conditions and ranges in detail from regular (alternating rough and smooth, helical, etc) to random 
distortions. The critical shear rate at the onset of surface melt fracture and onset of gross melt fracture, 
5 as used herein, are based on the changes of surface roughness and configurations of the extrudates 
extruded by a GER. 

Substantially linear mterpolymers of ethylene and styrene are disclosed in USP 5.272^36 and 
USP 5^72^36, and in US. Patent Application Serial Nos. OS/166,789 to inventors Lai et aL filed on 
December 13, 1993 and 08/166,412 to inventors Lai et aL filed on I>xrrnber 13, 1993, the disclosures of 
10 which are incorporated herein by reference. 
Tne a-olefin Monomer 

Suitable a-olefins are represented by the following formula: 

CH2=CHF 

where R is hydrogen or a hydrocarbyl radical having from one to twenty carbon atoms. Typical o> 

15 olefins include; for example, ethylene, propylene, 1-botene, 3-methyl-l-butene, 1-pentene, 4-methyl-l- 

pentene, 1-hexene, 3-memyi-l-hexene, 4-ethyH-hexene, 1-octene, l^todecene, 3-phenylpropene, and 

mixtures thereof. Preferably, me a-olefin will comprise ethylene, or a mixture of ethylene with another 

o>olefm, such as 1-butene, 1 -pentene, 4-methyl-l -pentene, 1-hexene, or 1-octene. 

The Vinylidene Aromatic Monomer 

20 Suitable vinylidene aromatic monomers arc represented by me following formula: 

AT 

R, i Crt 

wherein R] is selected from the group of radicals consisting nf hydmgen and aflryl rarfiralc /Yw»ft«itn g 

three carbons or kss, and Ar is selected from the group of radicals consisting of phenyl, hatophenyl, 

alkylphcnyl, and alkymalopbenyL F.Ttrmplary vinylidene aromatic monomers inclndc styrene; a- 
25 memylstyrene; me C1-C4 alky}- or phenyl- ring s ub stit u te d derivatives of styrene, such as ortbo-, meta-, 

and parx-medrylstyrene, or mixtures thereof; the ring halogenated styrenes such as chlorostyrene; 

vinylbenzocyctobutanes; and divmylbenzcnc, Styrene is a particularly desirable vinylidene aroniatic 

monomer used in the practice of the present invention. 

Tne level of vinylidene aroniatic monnnra incorporated m tte 
30 mverjrion tsatkast 30, preferably at least 35 weight percent based on the weight of the mtcrporymcr. 

The vinylidene aromatic monomer is typically incorporated in the mterpolymers of me invention in an 

amount less than 7ft mom typically less than 60 weight percent based on the weight of the 

huerpoiymer. 

TheDiene: 
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One or more dienes can optionally be incorporated into the interpotymer to provide functional 
sites of unsaturation on the inteipolymer useful, for example, to participate in crosslinking reactions. 
While conjugated dienes such as butadiene, 13-pentadiene (that is, piperylene), or isoprene may be used 
for mis purpose, nonoonjugated dienes are preferred. Typical nonconjugated dienes include, for example 
5 the open-chain nonconjugated diolefins such as 1,4-hexadiene (see VS. Patent No. 2,933,480) and 7- 
meth y 1- 1 ,6~octadiene (also known as MOCD) ; cyclic dienes; bridged ring cyclic dienes, such as 
dicycfopentadiene (see VS. Patent No. 3.21 1.709); or alkyliderjcnotbornenes, such as 
rnemylencnorbornene or cmyfeJenenorbornene (see US. Patent No. 3,151,173). The nonconjugated 
dienes are not limited to those having only two double bonds, but rather also include those having three 

10 or more double bonds. 

The diene is i nc orporated in the elastomers of the invention in an amount of from 0 to 15 
weight percent based on the total weight of the interrxriymer. When a diene is employed, it will 
preferably be provided m an amount of at least 2 weight percent, more preferably at least 3 weight 
percent, and most preferably at least 5 weight percen t , based on the total weight of the inteipolymer. 

15 Likewise, when a dicne is employed, it will be provided In an amount of no more than 15, preferably no 
more than 12 weight percent based on the total weight of the interpolymer. 
Prep arati on of the substantially raridom/pseodoraiKtom mtcrpolymers: 

The substantially random/pseudorandom interpolymers may be prepared via the solution, 
slurry, or gas phase interpolymerization of the a-olefm, the vinylidene aromatic compound, and the 

20 optional diene, in the presence of an olefin polymerization catalyst comprising a metal coordination 
complex and activating cocataryst, such as are described in European Patent Publications 4 16,8 1 5-A, 
468,651 -A, 5 14328- A, and 520,732-A, in U.S. Patent Application Serial No. 8,003, filed January 21, 
1993, and in VS. Patent Nos. 5,055,438. 5,057,475. 5,096\867. 5,064,802 and 5,13238a the disclosures 
of which are mcorporated herein by reference. Also suitable in the practice of the claimed invention are 

25 me monocyclopentadienyl transition metal olefin polymerization catalysts taught in US P 5,026,798, as 
well as the catalysts disclosed in European Patent Publication 572, 
incorporated herein by reference. 

The fo re goi ng catalysts may be further described as comprising a metal coordination complex 
comprising a metal of Group ni» 

30 adeiocali2edn4)onded moiety substituted wim a cc^strarn-irKhjcing moiety, said complex having a 
constrained geometry die metal atom such mat the angle at the metal between the oentrotd of the 
delocalized, substituted n -bonded moiety and the center of at least one remaining snbstituent is less than 
such angle in a similar complex rontahrmg a similar n -bonded moiety lacking m such constrain- 
inducing sn frst l f u ffTH, and provided further that tor such complexes comprising mom man one 

35 de1ocaBied ,8nbstiiniadX"bond^d moiety, only one thereof for each metal atom of to complex is a 
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cyclic delocalized, substituted H-bonded moiety. The catalyst further preferably comprises an 
activating cocatalyst 

1. The metal coordinatioo complex. The metal coordination complex employed will preferably 
correspond to the following formula: 




FT 



wherein R* at each occurrence is independently selected from the group consisting of hydrogen, 
by drocarby I silyl, germyl, cyanov halo and cambhutfkms thereof, each said R' having op to 20 non- 
hydrogen atoms, and with two R' groups (where R* is not hydrogen, halo, or cyano) being optionaUy 
joined together to form a divalent derivative thereof connected to adjacent positions of the 

10 cyctopentadienyl ring to form a fused ring structure; 

X at each occurrence independently is selected from the group consisting of hydride, halo, 
hydrocarbyl, silyl, germyl, bydrocarbyloxy, amido, siloxy , and combinations thereof, each said X having 
up to 20 noo-h ydrogen atoms; or when M is in the +3 oxidation state, X is preferably a stabilizing ligand 
comprising an amine, phosphinc, ether or thiocther functionality able to form a coordinate-covalcnt bond 

15 or chelating bond with M, or (when X is a hydrocarbyl) an ethylenic urtsaturation able to form an T|3 
bond with M; 

Y is a divalent anionic ligand group comprising nitrogen, phosphorus, oxygen or sulfur 
(preferably -O-, -S-, -NR*-. or -PR*-) and having up to 20 non-hydrogen atoms, said Y being bonded to 
Z and M through said nitrogen, phosphorus, oxygen or sulfur, with Y and Z being optionally joined 
20 together to form a fused ring system; 

M is a Group 4 metal, especially tttanirrm; 

Z is SiR* 2 . CR* 2 - SiR*2SiR*2. CR*2CR*2. CR*=CR*, CR*2SiR*2. GeR*2, BR*, or BR*2; 

wherein: 

R* at each occurrence is rndgpendendy selected from the group consisting of hy drogen, 
25 hydrocarbyl, silyl, balogenated hydrocarbyl groups having tip to 20 non-hydrogen * fn * T% f, and 

combinations thereof, with two R» groups from Z (when R» is not hydrogen) or an R» group from Z 
(when R* is not hydrogen) and an R* group from Y (when R* is not hydrogen) being optionally joined 
to form a fused ring system; and 

nisi or 2. 

30 The most preferred metal coordination complexes are amidosilane- or aniidoalkanediyl- 

compounds corresponding to the following formula II: 
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— M^"~ 



N (X) n 



wherein: 

M is titanium bound in an r\5 bonding mode to the cyclopentadienyi group; 
R* at eacb ooe nn e nce is independently selected from the group consisting of hydrogen, silyi, 
5 hydrocarbyl. and combinations thereof, each said R' having up to 10 carbon or silicon atoms, or with 
two R* groups (when R* is not hydrogen) being joined together to form a divalent derivative thereof 
connected to adjacent positions of the cyclopentadienyi ring to form a fused ring structure; 
E b> silicon or carbon; 

X is independently at each occurrence hydride, halo, hydrocarbyl. or bydrocarbyloxy, each said 
10 X having up to 10 carbons, or when M is in the +3 formal oxidation state. X is preferably a stabilizing 
hgand such as a hydrocarbyl. silyl. arnido or phosphide ligand substituted with one or more aliphatic or 
aromatic ether-, ihiocthcr-. amine- or phosphine- functional groups, especially such amine or phosphinc 
groups that are tertiary substituted, said s t abi l iz i n g ligand having from 3 to 30 nonhydrogen atoms, or X 
is a C3-15 hydrocarbyl group containing emylenic un saturation; 
15 mis 1 or 2; and 



Examples of these most preferred metal coordination complexes include compounds wherein 
theR* on the arnido group is methyl, ethyl, propyl, butyl. pentyU orhexyl (including isomers of these 
alky Is) norbornyU benzyl, phenyl, etc.; the cyclopentadienyi group is cyclopentadienyi. indenyi. 

20 tetrabydromdenyl. fluorenyi. octahydrofluorenyi, tetrahydrofluorerryl, etc.; R* on the foregoing 

cyclopentadienyi groups is independently at each occurrence hydrogen, methyl, ethyl, propyl, butyl, 
pentyl. hexyL norbornyl, benzyl, phenyl. etC4 and X is chloro, bromo, iodo. methyl, ethyl, propyl, butyl, 
pentyl, hexyl (including isomers of these aDcyls). Dorbornyl, benzyl, phenyl, etc. or when M is in the +3 
formal ^**?tin« ma* y it mn«t preferably T^Oiaayhmiinrhmyi or 2^^lkyUminnm#^l)rA^yl 

25 groups containing from 1 to 4 carbons m uV alkyl groups, or an a^yU 1-methylallyl, 2-methyUllyl. 1,1- 
drmethylallyl. 1^3-trrrnethyiaUyl, l-phenyl-3-benzylaIlyl or l.lHur^yl>3Kdir^ylmemyDallyl 
group. 

Specific embodiments of these most preferred metal coordination complexes include (ten- 
botylamictoXtctnaaetJiyl- dichloride; (tm-butylarnido) 

30 (tetrametfayl^5<yclope did toid e ; (memylamidoKtetramemy^ 

cyclopentadienyi)-! p^tsme^ %Brcm\nm dichloride; (memylainidoXtetramemyl-i|5- 
fyckppfntaitif"y1)-t ,2-eflianediyltitaninm dichloride; <emylaniidoXtetrametJiYl-T|5- 
fyhqffntad^yl^f'^ylf"^ 8 ^"""" dichloride; (tert-butylamido)dimemyl(tetramethyl-Ti5- 



nislorZ 



WO 96/07681 



PCT/US9S/09945 



cyclopentadienyl) sUanctitanimn dimethyl; (tm-buty!amido)dimethyl (tctramcthyl-T|5- 
cyclopcntadienyl)silanezirconiain dibenzyl; (benzylmiu(to)(limcihyl(tctramcthy^7i5- 
cyctopa«adicnyl)silanctitaniam dichloride; and (phcnylpbosphick)>Klimethyl(tctramcthy!-Ti5- 
cyck>pentadienyl)silane zirconium dibenzyl. 
5 Other preferred monocyclopentadicnyl metal coordination complexes useful to prepare the 

interpolymers win include titanium or zirconium in the +2 formal oxidation state and will corr es pond to 
me following formula HI: 




wherein: 

10 R* at each occurrence is independently selected from the group mt^^pg of hydrogen, 

hydrocarbyl silyl, germyl, cyano, halo and combinations meteor; each said R* having up to 20 non- 
hydrogen atoms, with two R* groups (when R* is not hydrogen, halo or cyano) being optionally joined 
together form a divalent derivative thereof connected to adjacent positions of the cyclopentadienyl ring 
to form a fused ring structure; 

15 X is a neutral lyl-bonded diene group having up to 30 non-hydrogen atoms, which forms a II- 

complex or a o-complex with M (as disclosed in VS. Patent Serial No. 241,523, filed on May 12, 1994 
or U.S. Patent Serial No. 267,993, filed on June 23, 1994, the disclosures of which are incorporated 
herein by reference); 

Y is -O, -S-, -NR*-, -PR*-; 

20 M is titanium or zirconium in the + 2 formal oxidation state; 

2* is SiR* 2 - CR» 2 . SiR*2SiR*2. CR *2 CR *2. CR*«CR* CR^SIR* 2 . or GeR* 2 . wherein: 
R* at each occurrence is independently hydrogen, or a member selected from the group 

consisting of bydrocarbyl, sflyl, halogenated hydrocarbyU and mixtures thereof, each said R* having up 

to 20 oor>4iydiogen atorns, wim two R 
25 Cram Z* (where R* is not hydrogen) and an R* group from Y (where R* is not hydrogen) being 

optionally joined to form a fused ring system. These are disclosed in full in ILS. Application Serial No. 

82,197, filed June 24, 1993, me relevant portions of which are mcorporated herein by reference. 
2. The activating cocatalysc The activating cocatalyst is employed to cause the metal 

coordination complex to become effective as an addition r^ymerizaticra catalyst or to balance the ionic 
30 charge of a catalytically activated metal coordination complex. Suitable cocatalysts for use herein 

include polymeric or oligomcric alumoxancs. especially mcmylatomoxane and modified methyl 

alumoxanc; polymeric, oligomeric or monomelic carbylboranes, especially 

tris(pentafliKxrjphenyl)bonme; aluminum alky Is; aluminum halides; haloaluminum alley Is; other strong 
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Lewis adds; ammonium salts; xkJizing agents, such as silver salts, ferrocenium ions, etc; and mixtures 
of such cocatalysts. Preferred cocatarysts are nonincerfering, noncoordinating, ton-forming boron 
compounds, such as tris(pcntafluoropbcnyl)boranc. 

Alumoxanes can be made as disclosed in VS. Patent Nos. 5,542,199; 4,544,762; 5,015,749; 
5 and 5,041,585. the disclosures of which are incorporated herein by reference. So called modified methyl 
altnnoxane (MMAO) ts also suitable for use as a cocatalyst One technique for preparing such modified 
alumoxane is disclosed in VS. Patent No. 5,041,584, the disclosure of whkh is incorporated herein by 
reference. 

3. Preparation of the active metal coordination complexes. Active catalyst species, that is, the 
10 catalysts resulting from the combination of the metal coordination complexes and an activating 
cocatalyst, can be prepared via any of the following techniques: 

A. As disclosed in U.S. patent 5,064,802 and 5,132,38, the disclosure of which is mcorporated 
herein by reference, the metal coordination complex containing at least one sobstituent (preferably at 
least one hydrocarbyl or substituted hydi ocarbyl group) is combined with the cation of a s e co n d 

15 co mp onent which is a Breasted acid and anoncoonfinating compatible anion (such as substituted 
ammonium salts, for example, N^-dimemylanalimium tetrakis(pentafluoropbenyl)borate>, 

B. As disclosed in PCT Application 93/23412, the disclosure of which is incorporated herein 
by reference, the metal coordination complex is combined with at least one second component which is a 
salt of a carbenium and a noncoordinating. compatible anion; 

20 C. As disclosed in VS. Patent No. 5,189,192, the relevant portions of which are incorporated 

herein by reference, a reduced metal derivative of the desired metal coordination complex wherein the 
metal is in an oxidation state one less than that of the metal in die finished complex is combined with at 
least one second component which is a salt of a cationic oxidizing agent and a noncoordinating, 
co m patible anion; 

25 D. As disclosed in VS. Patent Application Serial No. 08/34/134, filed March 19, 1993. the 

relevant prions of which are uioorporated herein by reference, a reduced metal derivative of the desired 
metal ccwrdination complex wherein the metal is in an oxidation state one less flian that of the metal in 
the finished complex is ccrnbmed with at least one secoo^ 

(such as tfniwnr c o m po und s, r^r~^ny M«ptinnn<*rt fa combination with * Lewis flcirf mitigating agent 

30 (such as trisrjerfluorophenylbofane); or 

E. As disclosed in European Patent Publication 520,732- A, the relevant portions of which are 
incorporated herein by reference, the metal coordination complex (preferably containing at least one 
hydride, hydrocarbyl or substituted hydrocarbyl group able to be abstracted by a Lewis add) is 
combined with a Lewis acid having sufficient Lewis acidity to cause abstraction of an anionic ligand of 

35 the metal coordination complex thereby forming a cationic derivative thereof (such as 
tris(rjernuoror^enyl)-borane). 
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4. The Polymerization Reaction. The conditions for polymerizing the o>otefin, vinybdene 
aromatic, and optional dieoe are generally those useful in the solution polymerization process, although 
me applicaxioo of the present invention is not limited thereto. High pressure, slurry and gas phase 
polymerization processes are also believed to be useful, provided the proper catalysts and polymerization 
5 conditions are employed. 

In general, the rxriyinerization useful in the practice of the subject invention may be 
accomplished at conditions well known in the prior an for Ziegler-Natia or Kaminsky-Smn type 
polymerizations. In particular, the polymerization will typically involve pressures from atmospheric up 
to 1000 atmospheres (100 MPa) and temperatures from 0°Cto 250°C 

While polynieriztag and isolating the substantially randcWpseudorandom interpolymer, a small 
amount of atactic vinylidene aromatic bomopolymer may be formed due to hcmorjcrtynierizatioo of the 
vinybdene aromatic monomer. In general, the higher the rjolymeri7ation temperature is, the higher is the 
amount of bomopolymer formed. If desired, the vmylidene aromatic hcmopolymer may be at least 
partially separated from the substantially random/pseudorandom mterporymer, if desired, such as by 
extraction with a suitable extracting solvent. 

The substantially nm c tam /pseudo r andom interpolymers may be modified by typical grafting, 
cro ss l inkin g, bydrogenation, fuuctkmalizing, or other reactions weD known to those skilled in me art, 
provided that the dastomeric properties of the interpolymers are not substantially affected. The 
polymers may be readily sulfonated or chlorinated to provide ronctiooalized derivatives according to 
establish ed fan Iq ub i i 

Compounding and Curing the Substantial] y Random/Pseudorandom Interpolymers 

The thermoset elastomers of the invention may include various additives, such as carbon black, 
silica, fl frtrijim dioxide, colored pigments, day, zinc oxide, stearic acid, accelerators, curing agents, 
sulfur, stabilizers, antidegradants, processing aids, adhesives, taddfiers, plastidzers, wax, 
piecrOSSlinkmg ttiMliitrg*, discontinuous fibers (such as wood OCllnlOSe fibers) md extender oik. Such 
additives may be provided either prior to, during, or subsequent to curing die substantially 

typically mixed with m filler, an oil, and a coring agent at an elevated trmperatiiie to compound them. 
Thr f T fnrmiin il fil m a t r rfa? >h » «nH«**pn»ntiy cmed at a lempeiAUne winch jg typically greater man that 
employed during compounding. 

Preferably, carbon black will be added to the substantially random/pseudorandom mterporymer 
prior to curing. Carbon black is typically added to improve the tensile strength or toughness of the 
compounded product, but can also be used as an extender or to mask me color of the compounded 
product Carbon black wifl typically Oto SO weight percent, typically 

from 03 to 50 weight percent, based on the total weight of the foimulation. When the carbon black is 
employed to maskacolor, it is typically employed in the range of 0.5 to 10 weight percent, based on 
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the weight of the formulation. When (he carbon black is employed to increase toughness and/or 
decrease the cost of the formulation, it is typically employed in amounts greater than 10 weight percent 
based on the weight of the formulation. 

Moreover, preferably, one or more extender oils will be added to the substantially 

5 random/pseudorandom interpolymer prior to curing. Extender oils are typically added to improve 
prorrssabi n ty and low temperature flexability, as well as to decrease cost Suitable extender oils are 
listed in Rubber World Blue Book 1975 Edition, Materials and Compounding Ingredients for Rubber, 
pages 145-190. Typical classes of extender oils include aromatic- napfamenir. T <md p*™ff™y frxtr**fcr 
oils. The extender oil(s) will typically be provided in an amount from Oto 50 weight percent When 

0 employed, the e xt ender oil will typically be provided in an amount of at least 5 weight percent, more 
typically in an amount of from 15 to 25 weight percent, based on the total weight of the formulation. 

The curing agents) will typically be r^ovided m an amount of from 03 to 12 weight percent, 
based on the total weight of the formulation. 

Suitable curing agents include pe r o xi des, phenols, axides, aldehyde-amine reaction products, 

5 substituted ureas, sub st itut ed guanidines; substituted ximthates; substituted dithiocarbamates; thiazoles, 
imidazoles, sulfonamides, thiuramidisulfides. paramnnonedtoxime, dibenzopajaquinonedioxime, sulfur, 
and combinations thereof See Encyclopedia of Chemical Technology, Vol. 17, 2nd edition, mtersctence 
Publishers, 1968; also Organic Peroxides, Daniel Seem, VoL 1. Wiley-Intersoencc, 1970). 

Suitable peroxides include aromatic chacyl peroxides; aliphatic diacyl peroxides; dibasic acid 

0 peroxides; ketone peroxides; aJQcyi peroxyesters; alkyl hydroperoxides (for ««"plf, diacetyipcroxide; 
dibenzoylperoxide; bis-2,4-ctichlorobenzoyl peroxide; di-tert-butyl peroxide; dicumylperoxide; ten- 
butylperbcnxoate; tm-butylcumylperoxide; 2£-bis (t-butylperoxyV2^5-dtaethylhexaiie; 2,5-tes (t- 
butylrxsroxy)-2^1hiieth^ l,4-bis-<t- 
bqtylpcroxyisopropyl)«bcn acne; i t i«iM^i-iMityi|>gm^).i l ^<«jrim^hyi^y^ lanroyi peroxide; 

5 succinic acid peroxide; cyclohexanone peroxide; t-botyl peraoetate; butyl hydropei o xi de; etc. 

Suitable phenols arc disclosed in USP 4311*628, the disclosure of which is incorporated herein 
by reference. One example of a p henolic cure agent is the condensation product of a halogen substituted 
phenol or a Ci-Cio alkyl substituted pfaencdwimnaldefayfeman 

of bifunctional phenoldialcobols. ^3ne such class of pheuoltc cure agents Is tiimethylol phenols 
0 substimted in the para position with C5-C10 alkyl group(s). Also suitable are halogenated alkyl 

substituted phenol oaring agents, and one systems comprising methylol pbcooUc resin, a halogen donor, 
and a metal compound ■ 

Suitable azides include azidofennates, such as tetfametbylenebis(azidcifonnate) (see, also, USP 
3,284,421. Breslow, Nov. 8, 1966); aromatic polyazides, such as 4.4 , -dipbenynnetbane diazide (see, 
15 also, USP 3^97,674, Breslow etaL, Jan. 10, 1967); and sulfbnazides, such as p4)'-oxybis(benzene 
sulf onyt azsde). 
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Suitable aldehyde-aniine reaction products include fonnaldehyde-anunonia; fonnaldebyde- 
ethylchtorkJe-ammonia; acctaldebyde-ammonia; formaldehyde-aniline; buryraldenyde-aniiine; and 
heptaldefayde-aniline. 

Suitable substituted ureas include trimethylthiourea; diemylthiourea; dibutyUhiourea; 
5 tripenryltmourea; 13~bi$C2-4>enzDtluazolyIm and N,N-diphenylthioorea. 

Suitable substituted guanidines include dtphenylguanidine; tf-o-tolylguanidine; 
diphenyl^uanidine phthalate; and the di-o-tolylguanidine salt of dicatecbol borate. 

Suitable substituted xanthates include zinc etbylxanthate; sodium isopropyixantnate; 
butytxanthic disulfide; potassium isopropyixantnate; and zinc butyixanthate. 
10 Suitable dilhiocarbamates include copper dimethyl-, zinc dimethyl-, tellurium diethyl-, 

cadmium dicyctobexyl-, lead dimethyl-, lead dimethyl-, selenium dibutyl-. zinc pentamethylene-, zinc 
didecyl-, and zinc isopropytoctyHUthicoMbamate. 

Suitable thiazolcs indod e 2-mercaptobenzothiazole, zinc niercaptothiazolyl m er c apti de, 2~ 
benzothiazoly^N^M^ sulfide, and 2a*Kttthiobis(benzomiazole). 

15 Suitable imidazoles include 2-mercaptoimidazolme and 2-mercapu>4,4,6^ 

triinemyldmydropyrimidine. 

Suitable s ulf e n a mi des include N-t.butyl-2-benzothiazole-, N^ydohexylbenzothiazole-, NJM- 
diisopropylbenzothiazole-, N-O^-olnictDylnwpholhx) and 
diethylbettzo<hiazole-snMenaniide 
20 Suitable miuramidtsulfides include N^T-diethyl-, tetrabutyk NJ^Kliisopropyldloctyl-. 

tetramethyl-, NJ^-dicyclobexyl-, and NJ^'-tetralauryl^iiiranridisuindc. 

In the case of substantially iandom/pseudoiandam interpolymers not including me optional 
dicne component, peroxide cure systems are preferred; in the case of substantially 
random/pseudorandom interpolymers including the option cfiene component, sulfur-based (for example, 
25 comaming sulfur, a dithiocarbamaie, a ttuazole. an imidazole a stilfenamlde, « thinrainidisulfide trr 
combinations thereoO and phenolic cure systems are preferred. 
Preparation of Thermoplastic Vulcanizates 

The thermoset compositions of die invention may he incmpocatgd intn pniyr»i*fim to form 
thermoplastic vulcanizates. The proportions of ingredients utilized will vary somewhat with the 
30 particular polyolefin employed, wim the desired appto 

crosslinked substantially randVmVpscudorandom interpolymer and compounding ingredients. Typically, 
as the amount of the crosslinked substantially random/psend^random interpolymer increases, me 
stiffness of the resultant thermoplastic vulcanizate decreases. The thermoplastic vulcanizates of mr 
invention will typically comprise from 10 to 90 weight percent of the polyolefin and from 10 to 90 
35 weight percent of the crosslinlred substantially randop^jpseudorandom interpolymer. 
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Suitable polyoiefms include tbcnnoplastic, crystalline, high molecular weight polymers 
prepared by the polymerization of one or more moooolefms. Examples of suitable polyoiefms include 
ethylene and the isotactic and syndiotactic monoolefin polymer resins, such as propylene, 1-butene, 1- 
pentene, 1-hex eoc , 2-methy 1- 1 -propene, 3-methyl- 1 -pentene, 4-methyi- 1 -pentene, 5-metbyl- 1 -bexene 
5 and mixtures thereof. Most typically, the thermoplastic vulcanirates of the invention will utilize 
isotactic polypropylene as the polyolefin component. 

The thermoplastic vulcanazates of the invention are preferably prepared by dynamic 
vulcanization, wherein a mixture of the noncmsslinked substantially random/pseudorandom 
mterpolymer is mixed with the polyolefin resin and an appropriate curing agent to form a blend, which is 

10 then mastiratrd at vulcanization temper at ure. In particular, the noncrosslmked substantially 

random/pseodorandom inta poly inei is blended with a polyolefin at a temperature above the melting 
point of the polyolefin. After the substantially ratriomSpseudofandom mterpolymer and polyolefin are 
intimately mixed, an appropriate coring agent is added, such as are described above with respect to the 
compounding and curing of the substantially random^pscudorandom mterpolymets. The blend is 

1 S subsequently masticated using conventional masticating equipment such as a Banbury mixer, Brabender 
mixer, or a mixing extruder. The temperature of the blend during mastication is that sufficient to effect 
vulcanization of the substantially random/pseudorandom iiuerpolymer. A suitable range of 
v ulcanizati on tem p er atures is from the melting temperature of the polyolefin resin ( 120°C in the case of 
potyetiiyleneand 175°C in the case of polypropylene) to the t emp er atnrc at which the substantially 

20 randorn/pseoctoranckirn mterpolymer, the polyolefin, or the curing agent degrades. Typical temperamres 
are from 180°Cto 250*C, preferably from 180°Cto 200°C. 

Methods other than the dynamic vulcanization of the substantially random/pseudorandom 
mterpolymer/jpolyrjletm are likewise suitable. For instance, the substantially random/pseodorandom 
mterpolymer may be crosslmVed prior to introduction to the polyolefin. The crosshnked substantially 

25 random ^p send o ra adorn mterpolymer may then be powdered and mixed with the polyolefin at a 
lemperatme above the melting or s o ft e nin g point of the polyolefin. Provided that the crosslmfced 
substantially randoniApscud 

appropriate concentration, (that Is* provided an intimate mixture of (be crosshnked substantially 

rwfvinm/pewirln«ndnrn intwpnlymgr and polyolefin is flchtevedl the: thf>rmnpfat*rt*» wiWn^^ ^ ry 

30 invention may be readily obtained. Should such an intimate mixture not be achieved, the resultant 

product will contain visually observable islands of the crosslinked substantially randorn/pseudorandom 
mterpolymer. In this case, the part may be comminuted by pulverizing or by cold milling to reduce 
particle size to below 50 microns. Upon adequate cornminution, the particles may be remolded into a 
part exhibiting more uniform corxuposmon and the enhanced properties characteristic of the thermoplastic 

35 vulcanizates of the invention. 
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Tbe thermoplastic vulcanizates f the invention may include various additives, such as carbon 
black, silica, titanium dioxide, colored pigments, day, zinc oxide, stearic acid, accelerators, vulcanizing 
agents, sulfur, stabilizers, antidegradants, processing aids, adhesi ves, tackifiers, plasticrzers, wax, 
pievulcanization inhibitors, discontinuous fibers (such as wood cellulose fibers) and extender oils. Such 
5 additives may be provided either prior to, during, or subsequent to vulcanization. 

As in the case of the thermoset elastomers of the invention, carbon black will preferably be 
added to the blend of the substantially randoci/pseudccandoni Interpol ymer and polyolefin prior to 
vulcanization. Carbon black will typically be provided in an amount from Oto 50 weight percent, 
typically from 0.5 to 50 weight per c en t, based on die total formulation weight When the carbon black 

10 is employed to mask a color, it is typically employed in the range of 05 to 10 weight percent, based on 
the total weight of the formulation. When the carbon black is employed to increase toughness and/or 
decrease cost, it is typically employed in amounts greater than 10 weight percent, based on the total 
weight of tbe formulation. 

Moreover, as in tbe case of the thermoset elastomers of the invention, one or more extender oils 

15 win preferably be added to the blend of the substantially raiidom/pseudorandom mterpolymer and 
polyolefin prior to vulcanization. Suitable extender oils are listed in Rubber World Blue Book 1975 
Edition, Materials and Compounding Ingredients for Rubber, pages 145-190. Typical classes of 
extender oils include aromatic, naphthrnic, and paraffmic extender oils. The extender oil(s) will 
typically be provided in an amount from Oto 50 weight percent based on the total formulation weight. 

20 When employed, the extender oil will typically be provided in an amount of at least 5 weight percent, 
more typically in an amount of from 15 to 25 weight percent, based on the total weight of die 
formulation. 

In one preferred embodiment, the thermoplastic vulcanizates of the invention will comprise 
from 30 to 60 weight percent of the substantially randorn^pseudorandom mterpolymer, from 15 to 55 
25 weight percent of the uiermoplastic polyolefin, and from 15 to 30 weight percent of (he extender oil. 
Such thermoplastic vulcariizates are particularly useful as moldings for automotive applications. 

Id a particularly preferred embo dim e nt , the thermoplastic vulcanWates of the invention are 
characterized by an ASTM #2 oil swell of less than 60 percent, as dV^ermined by ASTM D-47 1 . 
Test Proce dur es 

30 Monomer contents are determined by carbon- 13 NMR spectroscopy. 

Stress-strain properties are determined on an Instron model 1 122 load frame using 04T70 inch 
QJl cm) micrr>teasile samples measured at an extension rate of 5 inch/min (12.7 cm/min). Tensile 
break, elongation at break, and 100 percent inodulus are measured in accordance with ASTM EM 12. 
Melt index is measured in accordance with ASTM D-1238. 
35 Molecular weight and molecular weight distribution are determined by gel permeation 

cht oma t ogtaphy i 
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ASTM #2 and #3 oil swells are measured in accordance with ASTM D-471. 

Hardness shore **A M is measured in accordance wiib ASTM D-2240. 

Compression set is measured in accordance with ASTM D-395. 
Example One: Preparation of Emylene-Styrene Interpolymers and Thermoset Elastomers 
5 Emylene/styrene copolymers were made using (tm-butylamido)dimemy Ktetxam 

cyctopentaHtienyl)sUane dimcthyUiianium(+4) catalyst and tris(pentafluorophenyl)borane cocatalyst in a 
one to one ratio according to the following procedure. A two liter reactor was charged with 360 grams ( 
500 mL) of ISOPAR™ E mixed alkane solvent (available from Exxon Chemicals Inc.) and the desired 
amount of styrene oomooomer. Hydrogen was added to tbe reactor by differential pressure expansion 
10 from a 75 mL addition tank. The reactor was heated to the run ternperature and was sarurated with 
ethylene at the desired pressure. (Tert-4*tylamioV>)dlm 

dhnemyltitanium (TV) catalyst and tris(pentanuorophenyI)borane cocatalyst were mixed in a dry box by 
pipeting the desired amount of a 0.005 M solution of the tris(pentaflucTOphenyl)boranc cocatalyst in 
ISOPAR™ £ mixed alkane solvent or toluene into a solution of the (tm-butylamid\))dimemyU 

15 (tctramcmyl-Tt5-cyclorOT dimcmyl-titanium (IV) catalyst in ISOPAR™ E mixed alkane 

solvent or toluene. The resulting catalyst solution was transferred to a catalyst addition tank and was 
injected into tbe reactor. 

Tbe rxrtymerization was allowed to proceed, with ethylene being introduced on demand. 
Additional charges of catalyst and cocatalyst, if useo\ were prepared in the same manner and were added 

20 to the reactor periodically. Tbe total amount of catalyst employed was set forth in Table One. In each 
instance, the amount of tris(pentafluocor^^y l)borane cocatalyst (on a molar basis) equals the amount of 
(u»4Mirylamido)dimemyHte^^ dimemylntanium (IV) catalyst 

indicated in Table One. After tbe run time, the polymer solution was removed from tbe reactor and 
quenched with isopropyl alcohol. A hindered phenol antioxidant ORGANOX 1 * 1010 (available from 

25 Ciba Geigy Corp.) was added to the polymer. Volanles were removed from the polymer in a reduced 
pressure vacuum oven at 135X for 20 hours. 



Tbe preparation conditions for the substantially random mterpolymers were set forth in Table 1 . 



Sample 


Catalyst 
amount 
u(-mol) 


ISOPAR™ -E 
(mL) 


Styrene 
(mL) 


Ethylene 
(Prig) 


Hydrogen 
(Apsi) 


Reaction 
Temp 

CO 


Reaction 
Tone 

(mm) 


Yeild 
(g) 


ES-1 


2J 


250 


750 


300 


0 


80 


10 


323 


ES-2 


3.8 


500 


500 


200 


0 


80 


10 




ES-3 


15.0 


500 


500 


200 


100 


60 


30 


166 



The resultant substantially random interpolymers were diaracterized as being pseudorandom 
and linear. 

30 Tbe mterpolymers were compounded and cured according to the following procedure. The 60 

gram bcwl of aBrabender PS-2 internal mixer was preheated to 120°F. 100 pph carbon black N550 
(available ton Cabot Corporation), 50 pph SUNPAR™ 2280 oil (available from Sun Oil). 5 pph 
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paraffin wax. 1 ppb stearic acid. 8 pph Vul-Cup 40KE peroxide (available from Hercules) and 1 .5 pph 
triallyl cyanuraie coagent (available from American Cyanamid) were premixed in a plastic or paper 
container. The resultant blend was loaded into the 60 gram bowl. To the bowl was further added 100 
pph of the desired substantially randorn/psetjdorandom mterpolymer as prepared above. The ram was 
5 lowered on the internal mixer, and the compound was allowed to mix until a temperature of 220°F was 
reached (approximately five minutes). The compound was removed from the mixer and was opti onall y 
loU-milled. 

The samples were compression molded at 260°F to obtain uncured (green) test plaques. The 
tmcured (green) test plaques were compression mold cured at 340°F for 20 minutes to obtain cxosslinked 
10 thcrmoset elastomer compositions. 

The stress-strain properties of the neat interpol ymers, of the uncured (green) test plaques, and of 
the crosslinkcd thermoset elastomer compositions were set forth in Table Two. Therein, the designation 



"ND" means that the given property was not determined. 





ES-1 


ES-2 


ES-3 


CI 

(Tanner 
680-P) 


C2(V-457) 


C3(V-707) 


COMONOMER CONTENT (AS 
DIRECTED BY NMR) 














wt % ethylene 


67.5 


56.8 


48.0 




51.0 


70.0 


wt%stvrene 


32.5 


432 


52.0 




0 


0 


wt% propylene 


0 


0 


0 




49.0 


30.0 


STRESS-STRAIN 
PROPERTIES OF NEAT 
UNCROSSUNKED 
POLYMERS 














tensile at break (psi) 


3200 


2156 


1390 


668 


243 


887 


100% modulus (psi) 


759 


445 


256 


170 


75 


205 


elongation at break (%) 


395 


420 


518 


1115 


1780 


1336 


melt index at l^C 
(ft/lOmin) 


0* 


a* 


10.2 


4.0 


7.1 


33 j 


Mw/Mn 


2.07 


Z14 


3.50 


21.8 


3.07 


4.59 


GRENN STRESS-STRAIN 
PROPERTIES 














tensile at break (psi) 


ND 


ND 


594 


460 


70 


459 


100% modulus (psi) 


ND 


ND 


315 


264 


52 


231 


elongation at break (%) 


ND 


ND 


453 


476 


84 


685 


STRESS-STRAIN 
PROPERTIES OF 
CROSSLINKED 
INTERPOLYMERS 














tensile at break (psi) 


3156 


ND 


1005 


1994 


1236 


1569 


100% modulus (psi) 


1076 


ND I 


532 


506 


276 


674 


eloneatkm at break (%) 


300 


ND 


297 


383 


409 


292 



As illustrated in Table Two, the cr osslinke d mermoset elast omer compositioos of the invention 



15 exhibit a higher 100 % modulus man the comparative materials CI (Taftner™ 680-P (available from 
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Mitsui Petrochemical)) and C2 (Vistalon™ 457 (available from Exxon Chemical Co.)). This was 
consistent with the significantly higher 100 % modulus exhibited by Che neat interpolymers as c omp ared 
to the comparative m ate ri als. 

Example Two: Pre parat ion of Emylene/Styrene/Ethylidene Norbornene Interpolymers and Thcnnoset 
5 Elastomers 

Eth y lene/styrene/ethy lidene norbornene interpolymers were made using (tert- 
butylami<k))dimcm>i(tetrame^ <&ne&yIatanram(+4) catalyst and 

ttisCpentafl uorophenyl)borane cocatalyst in a one to one ratio according to the following procedure. A 
two titer reactor was charged with 360 grams ( 500 mL) of ISOPAR™ E mixed alkane solvent 

10 (available from Exxon Chemicals Inc.) and the desired amount of styrene comonomer. Ethyfidene 
oorboraeoe was transferred to the reactor. Hydrogen was added to the reactor by differential prcssui c 
expansion from a 75 mL addition tank. The reactor was heated to the run temperature and was saturated 
with ethylene at the desired pressure. (Tert-buty tami<1o ) dirnff th y l*(tetramethyl>T) 5* 
cyck)pentadienyi)silane dimetby tetanimn (TV) catalyst and tris(rjeittafluoro-pbcnyl)borane cocatalyst 

15 were mixed in a dry box by pipeting die desired amount of a 0.005 M solution of the 

tri$(peotafluc«rjphcnyl)borane cocatalyst in ISOPAR™ E mixed alkane solvent or toluene into a solution 
of the (tcrt-botylaroifo)oiinctP^ dimethyl-titanium (IV) 

catalyst m ISOPAR™ E mixed alkane solvent or toluene. The resulting catalyst solutioo was transferred 
to a catalyst addition tank and was injected into die reactor. 

20 The polyrrierization was allowed to proceed; with ethylene being introduced on demand. 

Additional charges of catalyst and cocatalyst. if used, were prepared in the same manner and were added 
to the reactor periodically. The total amount of catalyst employed was reported in Table Three. In each 
instance, the amount of tris(pentailuoio-phenyl)borane cocatalyst (on a molar basis) was equal to that of 
the (tm^>utylamido)dlmemyHtetram dimethyltitanium (TV) catalyst as 

25 indicated m Table Three. After the run time, the polymer solution was removed from the reactor and 
quenched with isopropyl alcohoL A hindered phenol antioxidant (IHGANOX™ 1010 (available from 
Ciba Geigy Corp.) was added to the polymer. Volatiles were removed from the polymer in a reduced 
pressure vacuum oven at 135°C for 20 hours. 

The rKeparation conditions for the emyiene/styrerWethylideoe rjorborncne mterpolymers were 
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Hydrogen 


Reaction 


Reaction 
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amount 


-E(mL) 


(mL) 


amount 


pressure 
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Time 


(*) 




(-tool) 








(P«R) 




(C) 
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ES-1 


15 


500 


500 


50 


250 


100 


65 


20 




ES-2 


1X5 


500 


500 


75 


300 


100 


65 


30 




ES-3 


10 


500 


500 


25 


200 


100 


65 


30 





The resultant substantially random interpolymers were characterized as being pseudorandom 



and linear. 
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The imerpolymers were compounded and cured according to the following procedure. The 60 
gram bowl of a Brabender PS-2 interna] mixer was preheated to 120°R 100 pph carbon black N550 
(available from CabotX 50 pph SUNPARTM 2280 oil (available from Sun Oil). 5 pph paraffin wax* 1 
pph stearic acid, 5 pph zinc oxide, 1.5 pph sulfur, and 0.5 pph Captax 2-oiercaptobenzothiazole 
5 (available from R. T. Vanderbilt) were premixed in a plastic or paper container. The resultant blend was 
loaded into the 60 gram bowL To the bowl was further added 100 pph of the desuxd mterpotymeras 
prepared above. The ram was lowered on the internal mixer, and the compound wag allowed to mix 
until a temperature of 220°F was reached (approximately five minutes). The compound was removed 
from the mixer and was optionally roll-milled. 
10 The samples were compressioo molded at 260°F to obtain uncured (green) test plaques. The 

uncured (green) test plaques were compression mold cured at 340°F for 20 minutes to obtain crassHnkcd 

As between ESDMl(aMd). ES DM 1(a) was prepared in accordance with the above formulatioo. 
ESDMl(bMd) were likewise prepared in accordance with the above formulation, except that in the case 

15 of ESDM 1(b), SO pph SUNDEX 750T oil (available from Sun Oil), was used in place of the SUNPAR 
oil; in the ease of ESDM 1 (cX 50 pph trioctyltrimell aate was used in place of the SUNPAR oil; and in the 
case of ESDMKdX 0.75 pph (rather than IS pph) sulfur was employed. 

Regarding the comparative materials, C4 was prepared using the formulation proyided above, 
with Vtstalon 6505 EPDM (available from Exxon) being used in place of the substantially 

20 random/pseudorandom mterpolymer. C5 was prepared using the formulation provided above, with 
EPSyn 70AEPDM (available from DSM Copolymer) being used in place of the substantially 
random/pseudorandom mterpolymer used in me present invention. C6(a) was prepared using the 
formulation provided above, with SBR 1500 styrene butadiene rubber being used in place of the 
substantially random/pseudoiandom interpolymers and Sundex 750T oil (available from Sun OH) being 

25 used in place of the SUNPAR oil C6(b) was p rep ar ed using the formulation provided above, except mat 
SBR 1500 styrene butadiene robber was used in place of die substantially raw * rwT ^pftrw1{irq 
rriterpolymer, 50 pph (rather than 100 pph) N550 carbon black was employed, 7 pph Sundex 750T oil 
(rather than 50 pph SUNPAR 2280 oil) was employed. 

The stress-strain properties of the neat hucrpolyiners, of the uncured (green) test plaques, and of 

30 the crossttttted ttamosct elastomer compositions were set form in Table Foot. Therein, me 
abbreviation "NTT means mat a given property was not determined. 
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tensile at break (psi) 
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100% modulus (psi) 
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ND 
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ND 
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ND 
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ND 


ND 
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ND 


ND 


ND 
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ND 


ND 


ND 


ND 


ND+378 


elongation at break (%) 


-29 -62 ND -19 


ND 


ND 


ND 
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As illustrated in Table Four, the crosslinked tbennoset elastomers of the invention typically 
exhibit a highly improved 100% modulus, as compared to comparative materials C4 (VistalonTM 6505 
EPDM (available from Exxon)), C5 (EPSyn 70A EPDM (available from DSM Copolymer)) and C6 
(SBR 1500 styiene-butadiene rubber). 
5 As further illustrated in Table Four, the crosslinked thennoset elastomers of the invention 

typically exhibit a resistance to oil swell similar to that of sryrerie-butadiene-rubber, but superior to mat 
of EPDM materials, 

As further illustrated in Table Four, the crosslinked thennoset elastomers of the invention 
exhibit aging properties superior to those of styrene-butadiene rubber. For instance, upon aging at 250°F 

10 for 70 hours in an air oven, the crosslinked emy lene/styrene/emylidene norbornene rnterpolymer 
exhibited increased tensile at break values and moderately decreased elongation at break values. In 
contrast, upon oven aging under the same conditions, the styrene-butadiene rubbers exhibited decreased 
tensile at break values and significantly decreased elongation at break values. 

Thus, as illustrated in Table Four, the crosslinked etfjylenc/styrene/dicnc thennoset elastomers 

15 of the invention exhibit a resistance to oil swell characteristic of styrene-butadiene rubber without 
suffering me concomitant negative effects of heat aging. 
Examp le Three: Preparation of Thermoplastic Vulcanizates 

The Brabender PS-2 or Haake internal torque mixer was preheated to 350°C. The desired 
amount of Pro-fax 6524 isotactic polypropylene (available from Himont Incorporated) was added to the 

20 mixer, and was allowed to melt and to homogenize. Over one minute, the desired amount of the 

noncrosslrnked substantially rarAdom/pseudorandom rnterpolymer was added. Thereafter, the process 
oil, antioxidant, stearic acid, and carbon black were added and mixed for one minute. The zinc oxide, 
sulfur, benzothiazyldisulfide and methyl tuads were added. Mixing occurs until the torque reaches a 
maximum and for at least 10 minutes total mix time. The resultant thennoplastic v^ulcanizate was 

25 removed from the mixer. 

In executing the above procedure, the formi ilations set forth in Table Hve were employed. 
Unless otherwise indicated, all amounts were expressed in parts per hundred, based on 100 parts of the 
elastomer. 
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038 
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038 
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Except in the case of TPV 1 (b). SunParTM 2280 (available from Son Oil) was employed as (he process 
oil. For TPVl(bX trioctyltrimelliate was employed as the process oil 

The resultant thermoplastic vulcanizates were compression molded at 380°F. Representative 
5 physical properties of the thermoplastic vulcanizates and of comparative thermoplastic vutcanizates C- 



TPV 1 (made with Vistalon 6505 EPDM (available from Exxon)) and C-TPV2 (made with EPS yn 70A 
EFDM (available from DSM Rubber)) were set forth in Table Six. Therein, the abbreviation "NET 



means that a given property was not determined. 
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tensile at break (psi) 


1507 1589 


1621 515 1549 1436 


1520 


1787 


100% modulus (psi) 


1375 1307 


951 327 691 1008 


759 


889 


elongation at break 

TO 


132 164 


251 192 336 247 


322 


344 


ASTM #2-70 hours 
at 212°F(% swell) 


ND ND 


1093 133.8 893 68.2 


ND 


ND 


Hardness Shore "A" 


88 86 


86 63 77 83 


90 


88 



A comparison of TPVl(a) and TPV2(a) with comparative materials C-TPV1 (made with 



1 0 Vistalon 6505 EPDM (available from Exxon)) and C-TPV2 (made with EPS yn 70A EPDM (available 
from DSM Rubber)) indicates that the thermoplastic vulcanizates of the invention exhibit a much greater 
resistance to oil swefl (under the ASTM #2 test method) man the comparative materials without 
sacrificing hardness (Hardness Shore "A"). A comparison of these materials farther indicates that the 
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thermoplastic vulcanizates of the invention exhibit improved 100% modulus values and comparable 
tensile at break values, with respect to the comparative materials. 

A comparison of TPV-2(b). TPV-2(cX and TPV-2(d) indicates that one can adjust resistance to 
ASTM #2 oil swell and hardness values by adjusting the ratio between the polypropylene and the 
5 substantially random/pseudorandom interpolymcr. Namely, as the proportion of the polypropylene 
increases, the resistance to ASTM #2 oil swell and hardness likewise increase. Moreover, the effect of 
me added substantially landomfoscudorandom interpolymer was evident In particular, the percent 
elongation at break of the inventive thermoplastic vulcanizates was many times greater than that of 
unmodified isocactic polypropylene, which exhibits a percent elongaiion at break of 1 3 percent. 

w Tbe thermoset elastomers of the invention were useful in a variety of applications. Exemplary 

applications include hoses, air ducts, brake cups, roofing materials, as well as use as components in 
blends as impattmoa^ 

The tbermoplastic vulcanizaies were likewise useful in a variety of apphcatkms, particularly 
articles made by extrusion, mjection molding and compression molding techniques. One principal 

15 appUcatioo for the TPVS of the invention was in automotive undcr-tbc-bood ccanpoocnts, such as rack- 
and-pinion boots and ducting, fuel-line covers, hoses, belts, and gaskets. Other expected automotive 
applications were in interior applications (sudb as skins, instrument panels, air-bag covers, door trim, 
control knobs, molded parts, and seat belt covers) and exterior ar^Ucanons (such as tires and molding). 
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CLAIMS 

1. A thennoset elastomer comprising either 

(1) a crosslinked pseudorandom interpolymer of: 

(a) from 15 to 70 weight percent of at least one a-oteftn, 
5 (b) from 30 to 70 weight percent of at least one vinylidcne aromatic compound, and 

(c) from 0 to 15 weight percent of at least one diene; or (2) a crosslinked substantially 
random interpolymer of* 

(a) from 15 to 70 weight percent of at least onea-olefin, 

(b) from 30 to 70 weight percent of at least one vinyiidenc aromatic compound, and 
10 (c) from 0 to 15 weight rxreent of at least one diene, * 

2. Th e diennoset elastomer of QaSm 1 c o mp ris ing ei ther 
a TTvcgiiTiir^ p«tffc*anHnm interpolymer of 

(a) from 25 to 60 weight perce n t of at least one a-olefm, 

(b) from 35 to 60 weight percent of at least one vmylidene aromatk compound, and 

(c) from 3 to 15 weight percent of at least one diene, or 
a crosslinked substantially random interpolymer of 

(a) from 25 to 60 weight percent of at least one a-olefin, 

(b) from 35 to 60 weight percent of at least one vinylidene aromatic compound, and 

(c) from 3 to 15 weight percent of at least one diene, or 
a crosslinked substantially random interpolymer of. 

3. The thennoset elastomer of Oarm 1 comprising either (1) a crosslinked pseudorandom 
interpolymer of : 

25 (a) from 40 to 65 weight percent of at least one a-olefm selected from the group coctsJsting of 

ethylene, propylene, 1-butene, 3-methyM-butenc, 1-pcntenc, 4-methyl- 1-pentene, 1-bexeae, 
5-methyH-bexene, 4-ethyl-l-hexene, 1-octene, 1-dodecene, 3-ptienyfpropene, and mixtures 
thereof; and 

(b) from 35 to 60 weight rxzeent of at least one vinyiidene aromatic compound selected from 
30 the group consisting of styrene, a-methylstyrene, ormo-memylstyrene, meta-merhylstyrene, 

pora-methylslyiene, chlorostyrene, vin ylbenzocy clobutane, and divinylbcnzcne, and 
mixtures thereof; or 

(2) a crosslinked substantially random interpolymer of: 

(a) from 40 to 65 weight percent of at least one a-olefm selected from the group consisting of 
35 ethylene, propylene, 1-butene, 3-methyl-l-butene, 1-pentene, 4-mcthyl- 1 -pentene, 1-hcxene, 
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5-methyl-l-bcxene, 4-ethyM-hexene, I-octene. 1-dodecene, 3-pbenylpropene, and mixtures 
thereof; and 

(b) from 35 lo 60 weight percent of at least one vinylidene aromatic compound sel ec t ed from 
the group c onsis ting of styrene, a-methy Istyrene, ortho-memylstyrene, meta-methy Istyrene, 
5 para-memylstyrene, cniorosryrene, vinyl benzocydobutane, and divinylbcnzcnc, and 

mixtures thereof. 

4. The thennoset elastomer of Claim 1,2, or 3 wherein 

(a) the a-olefin is selected from die group consisting of ethylene, propylene, 1-butene, 3-methyl-l- 
10 butene, 1-pentene, 4-memyM-pcritene, 1-hexene, 5-methyl-l-bexene, 4-ethyl-l-hexene, 1-octeoc, 

1-dodecenc, 3-pbenylpropene, and mtjtiuies thereof; 

(b) the vinylidene aromalic compound is selected from the group consisting of styrene, a- 
methylstyreoe, oraio-memylstyrene, meto-rnethylstyrene, para-methylstyrene, duorosryrene, 
vmylfierarxyctobutane. and divtnylbertzene, and nurtures thereof; and 

IS (c) the diene, when present, is selected from the group consisting of butadiene, 13-pentadiene, 1,4- 
pentadiene, isoprene, l<4-hexadiene, 7-methyl- 1 ,6-octadiene, dicyclopentadiene, 
me&ylenenorbornene, emyhdenerjorbornene, and memyltetrabydroindene, and mixtures thereof. 

5. The thennoset elastomer of Claim 4, wherein the ot-olefm is ethylene, the 
20 vinylidene aromatic compound is styrene, and the diene, when present, is cthylidenenortamene. 

6. A process for preparing a thennoset elastomer comprising: 

(a) reacting at least one a-olefin with at least one vinylidene aromatic compound and optionally at least 
one di e n e, in die presence of a constrained geometry catalyst* to form a f^t^nmn^n t 

25 mter polymer; 

(b) curing the pseudo r a n do m mterpolymer to form a rnermoset elastomer. 

7. The process of Claim 6, wherein the constrained geometry catalyst co mp irscs a 
metal «miniinnrim% complex onmpri*in g m metal fitwwp Tfi w iv ew the I «>^V!f nrnrt; of the 

30 Periodic Table of the Elements and a detocalized n -bonded moiety substitnted with a constrain-indodng 
moiety, said complex having a con st ra in ed g eome try the metal atom such that the angle at me metal 
between the centroid of rise localized, substituted n -bonded moiety and the center of at least one 
remaining substhnent is less than such angle in a similar complex containing a similar n-bonded moiety 
lacking in aifch consnmn-mdncing substituent, and provided further mat for snch c^y^Tplcxes comprising 

35 more than one delocalixed, substituted x-bonded moiety, only one thereof for each metal atom of the 
complex is a cyclic, detocalized, substituted n-bonded moiety. 



-25- 



W 96/07681 



PCT/US9S/09945 



8. The process of Qaini 6, wherein the constrained geometry catalyst is selected from 
the group consisting of (tm-butylanudoXtetramet^ 

bichloride; (ten-butylamido) (tetrann^yl-Ti5^cJopentadi^ dichkmde; (ten- 

butylamido)dmiemyl(tetramcm^ salanetitanium dimethyl; (ten- 

5 lnjtylaniido)duiiemyi(t^^ sUanetitanium dimethyl; (ten- 

feity laniido)dm)emyi(tetra sUanetitanium dimethyl; (ten- 

butylinnido)din)emyl(tetramem sUanetitanium dimethyl; (tert- 

butylamido)dimethyl(tetramethyl-7^ sUanetitanium dimethyl; (ten- 

butylarnido)dmiemyKtetiam sUanetitanium dimethyl; (ten- 

10 butylamklo)Qmierayl(tr^ sUanetitanium dibenzyl; (ten- 

butylamido)dimemyl (tetramethyl-TiS-cyciopenn^^ dibenzyl; and mixtures thereof. 

9. The process of Claim 7. wherein the constrained geometry catalyst is activated by a 
cocatalyst «Wf«i fan the g*p"p ««*i«rin g of polymeric tlrnnnmnM, oligomeric rinmwr«n^ 

IS polyrneric carbylboranes, oligomeric carbylboranes, mooomeric carbylboranes, alurninum aDcyls, 

aluminum halides, haloaluminum alkyls, substituted ammonium salts, silver salts, ferrocenium ions, and 
mixtures thereof* 

10. The process of Claim 7, wherein the constrained geometry catalyst is activated by 
20 tris(pcntaflttoropherjyl)borane. 



11. The process Claim 6, wherein the curing is effected by a curing agent selected 
from the group consisting of peroxides, phenols, azides, aldehyde-amine reaction products, substituted 
ureas, substituted guanidincs, substitnted xanthates, substituted diduocarbamatcs, tfaiaxoJcs, imidazoles, 
25 sulfenamides, tbinrarnialsuliidcs, paraqurrKMifdintxtme, diberizoparamrinoficdku ime, and sulfur. 



12. The process of Qaim 6, wherein the curing is effected by a airing agent selected 
from the group co nsistin g of p e r oxides, phenols, substitnted dt fef fxa rtwrrmtrs , miazoles, imidazoles, 

30 

13. The process of Claim 6, wherein the curing is effected simultaneously with the 
compounding of the pseudorandom mterpolymer. 



14. A process for preparing a thennoset elastomer comprising: 
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(a) reading at least ooc a-olefin with at least one vinylidcnc aromatic compound and optionally at 
least one diene, in the presence of a constrained geometry catalyst, to form a substantially random 
interpolymer, 

(b) coring the substantially random interpolymer to form a mermoset elastomer. 

5 

15. The process of Claim 6,7. 8, 9. 10, 11. 12. 13 or 14, wherein 

Q) the a-olefin is selected from the group consisting of ethylene, propylene, 1-butene, 1-pentene, 1- 
hexene, 4-methyl- 1-pentene, 5-methyl-l-bexene, 4-ethyM-hexene, 1-octene, 3-rjbenylpropene, 
and mixtures thereof; 

10 (h) the vinylidene aromatic compound is selected from the groups consisting of styrene, a- 

methylstyrene, ortbo^nemylstyrene, meta-methyistyrene, para-metby Istyrene, chlorostyrene, 
vmytbeozocyctobutane, divtnylbenzene, and mixtures thereof; and 
(ni) the dicne, when present is selected from the group consisting of butadiene, 13-pentadicne, 1.4- 
pentadiene, isoprerte, 1,4-bexadiene, 7-memy I- 1 ,6-omdicnr . Cacycloperaadiene, 

15 memylenenorboroene, emylidenenorbornene, and mixtures thereof. 

16. A thermoplastic vulcanizate comprising: 

(a) a crosslinked pseudo ra ndom interpolymer of 

0) fiom 15 to 70 weight percent of at least one ot-olcfm, 
20 (B) from 30 to 70 weight perc en t of at least one vinylidene aromatic compound, and 

(iii) from 0 to 15 weight percent of at least one diene; and 

(b) at least one thermoplastic polyolcfin. 



17. The thermoplastic vulcanizate of Claim 16, comprising from 10 to 90 weight 
25 percent of the crosslinked pseudorandom interpolymer and from 10 to 90 weight percent of the 

thermoplastic potyolefm. 

18. The thermoplastic vulcanteatc of Claim 16. further cconprismg from 0 to 50 
weight per c ent of an ex te nd er oil selected from the group consisting of aromatic oils, naphthenic oils, 

30 and paraflmic oils. 

19. The thermoplastic vulcanizate of Claim 16, wherein the crosslinked 
pseudorandom interpolymer is an interpolymer of (a) from 40 to 65 weight percent of at least one a- 
olefm, and (b) from 35 to 60 weight percent of at least one vinylidene aromatic compound. 

35 
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20. The thermoplastic vulcanizate of Claim 18, wberein the crossltnked 
pseudorandom mtcrpolymer is an interpolymer of (a) from 25 to 60 weight percent of at least one ct- 
oJefm, (b) from 35 to 60 weight percent of at least one vinylidene aromatic compound, and (c) from 3 
to 15 weight percent of at least one diene. 



21. The thermoplastic vulcanizate of Claim 16, comprising from 30 to 60 weight 
percent of the crosslinxed pseudorandom interpolymer, from 15 to 55 weight percent of the 
thermoplastic polyolefin, and from 15 to 30 weight percent of the extender oil. 

10 22. A thermoplastic vulcanizate comprising: 

(a) a crosslinkcd substantially random interpolymer of 

0) from 15to TO wright percent of at least one a-oletm, 

Gi) from 30 to 70 weight percent of at least one vinylidene aromatic compound, and 
Gii) from 0 to 15 weight percent of at least one d i en e ; and 
15 (b) at least ooe thermoplastic polyolefm. 

23. The thermoplastic vulcanizate of Claim 16, 17, 18. 19, 20, 21 or 22. wherein: 

(a) the a-olefin is selected from the group consisting of ethylene, propylene, 1-butene, 1-pentene, 1- 
hexene, 4-meth yl- 1 -pentenc, 5-methyl- 1 -bcxenc, 4-etbyl-l-hexene, 1-octene, 3-phenylprapene, 

20 and mixtures thereof; 

(b) the vinylidene aromatic compound is selected from the group consisting of styrene, a- 
methylstyreoe, ortho-methy lstyrene, meta-methylstyrene, para-memylstyrene, chlorostyrene, 
vinylbcnzocyclobutane, divinylbenzene, and mixtures thereof; and 

(c) the optional diene is selected from the group consisting of butadiene, 1,3-pentadiene, 1.4- 
25 prfftadw*^. isoprene, 1,4-bexadiene, 7-methy 1- 1 ,6-octadiene, dicyclopentadiene, 

memyknenorbornene, eftytideneuorbornene, memyltetrabydiomdene, and nuxtnres thereof. 



24. TbetherrrK)plastk:vulcarn^ 
is selected from the group cccsisting of ethylene, propylene, 1-butene, 1-pentene, 1-hexenc, 2-methyl-l- 

30 propene, 3-methyl- 1-pentene, 4-methyM-pentene, 5-methyl-l-bexene, and mixtures thereof 

25. The thermoplastic vulcanizate of Claim 23, wherein the a-olefin is ethylene the 
vinylidene aromatic couipound is styrene, and the diene, when present is cmylidenenorbornene. 



35 26. Tne thermoplastic vulcanizate of Claim 24, wherein the a-olefin is emylene, the 

vinylidene aromatic compound is styrene, and the diene, when present, ts emyudenenc*bornene. 
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27. A thermoplastic vulcanizate comprising a crosslinked substantially random 
interpolymcr of at least one a-olefm, at least one viny lidene aromatic compound and optionally at least 
one diene distributed in a thermoplastic polyolefm matrix, said thermoplastic vulcanizate being 
I by an ASTM «2 oil swell of less than 60 percent, as determined by ASTM D-471. 



28. A process for making a thermoplastic vulcanizate comprising: 

(a) reacting at least one a-olefm with at least one viny lidene aromatic compound and optionally at 
least one diene in the presence of a constrained geometry catalyst to form a pseudorandom 

10 interpolymcr, 

(b) intimately mixing the pseudorandom interpolymcr with at least one thermoplastic polyolefm at a 
temperature above the melting or softening point of the thermoplastic polyolefm; 

(c) providing to the intimate mixture an agent for curing the pseudorandom mterporymer, 

(d) simultaneously curing the pseudorandom intetpolymer and compounding the mtimate mixture to 
15 form a thermoplastic vulcanizate. 

29. The process of Claim 28, wherein 

0) the a-olefm is selected from the group consisting of ethylene, propylene, 1-butene, 1-pentene, 1- 
hexene, 4-methyl-l-pentene, 5-memyl-l-bexene, 4-ethyl-l-bexene. 1-octene, 3-phenylpropene, 
20 and mixtures thereof; 

(ii) the vinylidene aromatic compound is selected from the group consisting of styrene, a- 
methyistyrene, ortho-methylstyrene, tneta-memylstyrene, para-metby lstyrene, chlorostyrene, 
vinylbenzocyclobutane, diviny lbenzene, and mixtures thereof; and 

(iii) me optional diene is selected £nom the group consisting of butadiene, 1,3-pentadiene, 1,4 
25 pentadiene, isoprene, 1.4-hexadtene. 7-methyi- 1 ,6-octadiene, dicyclopentadiene, 

rnemylenenc^bornene, etbyUdeneriorbornene, memyltetrahydroindene, and mixtures thereof. 



30. The process of Claim 28, wherein the thermoplastic polyolefm is selected 
from the group consisting of ethylene, propylene, 1-butene, 1-pentene, 1-hexene, 2-methy 1- 1 -propene. 3- 

30 memyl-l-penteae, 4-methyl- 1-pentene, 5-methyl-l-hexene, and mixtures thereof. 

31. Hie process of Claim 28, wherein the agent for curing the substantially 
random mterporymer is selected from the group consisting of peroxides, phenols, azides, aldehyde- 
amine reaction products, substituted ureas, substituted guanidmes, substituted xantbates, substituted 

35 dithkxarbamates, thiazoles, imidazoles, sulfonamides, thiuramidisulfides, paraqurocmemoxime, 
djoenzoparaquinooedioxime, sulfur, and mixtures thereof. 
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32. The process of Claim 28, 29, 30 or 3 1, wherein the constrained geometry 
catalyst comprises a metal coordination complex comprising a metal of Group m or IV or the 
Lanmanide series of the Periodic Table of the Elements and a delocalized n -bonded moiety substituted 

5 with a constram-inducing moiety, said complex having a constrained geometry the metal atom such mat 
the angle at the metal between the centroid of the dclocalixrd, substituted n-bonded moiety and the 
center of at least one remaining substituent is less than such angle in a similar complex containing a 
similar n-bonded moiety lacking in such cxrastrain-mdncing substituent, and provided further mat for 
such ffOfnpiffEfts comprising more than one delocalized, substituted x-bonded moiety, only one thereof 
10 for each metal atom of the complex is a cyclic, delocalized, substituted n-bonded moiety. 

33. The process of Claim 32, wherein the constrained geometry catalyst is activated 
by a cocatalyst selected from the group consisting of polymeric alumoxanes, oBgomeric alumoxanes, 
polymeric carbylboranes, oBgomeric carbylboranes, monomeric carbylboranes, aluminum alkyls, 

15 aluminum hahdes, hak>aluminum alkyls, ammociium salts, silver salts, ferrocenium ions, and mixtures 
thereof. 

34. A process for making a thermoplastic vulcanizate comprising: 

(a) reacting at least one a-olefin with at least one vinylidene aromatic compound and optionally at 
20 least one diene in the presence of a constrained geometry catalyst to form a substantially random 

mterpotymcr; 

(b) inti mately mixing the substantially random interpolymer with at least one thermoplastic polyolefin 
at a temper atu re above the melting or softening point of the thermoplastic polyolefin; 

(c) providing to the mtimaie mixture an agent for curing the substantially random interpolymer, 
25 (d) simultaneously curing the substantially random interpolymer and compounding the intimate 

mixture to form a thermoplastic vulcanizate. 



35. A fabricated part comprising a crosslinked ps eudo ra ndom interpolymer of: 

(a) from 15 to 70 weight percent of at least one ct-olefin selected from the group consisting of 

30 ethylene, p rop y len e, 1-botenc 1-pentene, 1-bexene, 4-memyl-l-penteoe, 5-methyl-l-bexeoe, 4- 

etbyM-bexene, 1-octeue, 3-phenyipropene, and mixtures thereof; 

(b) from 30 to 70 weight percent of at least one vinylidene aromatic compound selected tram the 
groups consisting of styrene, a-methylstyrene, ortho-memylstyrene, meta-memylstyrene, para- 
metbylstyrene, cMorostyrene, vmylbenzocyclobutane, (fivinylbenzene, and mixtures thereof; 

35 (c) romOto 15 weight percent of at least one diene sele^ 

13-pentadiene, 1,4 pentadiene, isoprene, 1,4-hexadiene, 7-methy 1- 1 ,6-octadiene. 
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dicyclopcntadicnc, methyteneoofboraene, emyhdenenorbornene, memyltetrahydroindene, and 
mixtures thereof. 

36. A fabricated part comprising a thermoplastic vulcanizatc comprising 

(a) from 10 to 90 weight percent of a crosslinkcd substantially random mtcrpolymer of 

0) from 15 to 70 weight percent of at least one a-olefin selected from the group consisting of 
emyleoe, propylene, 1-butene,. 1 -pentene, 1-bexene, 4-metfayI-l-pentenc, 5-mcthyM- 
bexene, 4-ethyI-l-hexene, loctene, 3-pbenylpropeoe, and mixtures thereof; 

(n) from30to 70 weight percent of at least ooe viny lidene aromatic compound selected from 
the groups consisting of styrene, a-methylstyrene, ortho-methy lstyrene, meta- 
inethylstyreue, panHmemyfcryrene, cfalorostyrene, vmyibeozocyciobutane, divinylbenzeae, 
and mixtures thereof; and 

(iii) from 0 to 15 weight percent of at least one diene selected from the group consisting of 

butadiene, 13-penfadie n e, 1.4 peatadiene, isoprene, 1,4-hcxadiene, 7-memyM ,6<xaadiene, 
mcyctopentadiene; memyiencnorbornene, emyiidenetiorbofnene, memyltetrahydromdeoe. 
and mixnires thereof; and 

(b) from 10 to 90 weight percent of at least one thermoplastic polyolefin selected from the group 
consisting of ethylene, propylene, 1-butene, 1 -pentene, 1-hexene, 2-memyM-propeoe, 3-memyl-l- 
pentene, 4-metfayM -pentene, 5-mcthyM-bexene, and mixtures thereof. 
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